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1974 KVICHAK RIVER SOCKEYE SALMON SMOLT STUDIES 

Paul Krasnowski 
Alaska Department o f  F i sh  and Game 

D i v i s i o n  o f  Commercial F i she r ies  
Anchorage, Alaska 

INTRODUCTION 

For the  pas t  twenty years, annual i nd i ces  have been obta ined o f  t he  
abundance o f  downstream migrant  sockeye salmon smol t  (Oncorhynchus 
nerka) from the  Lake Clark-Lake I l iamna system. In fo rmat ion  obta ined 
from t h i s  program i s  d i r e c t e d  toward fo recas t i ng  age composit ion and 
magnitude o f  a d u l t  r e t u r n s  based on est imates o f  smolt  product ion.  
Although t h e  index program has prov ided i n fo rma t ion  on the  dynamics o f  
t he  Lake Clark-Lake I l iamna sockeye salmon populat ion,  i t  has proven t o  
be o f  v a r i a b l e  r e l i a b i l i t y  as a fo recas t  t o o l .  

Beginning i n  1965 attempts were made t o  improve the ou tmigra t ion  
index. Dur ing 1969, experiments were conducted u t i l i z i n g  underwater 
sonar t o  o b t a i n  a t o t a l  ou tmigra t ion  es t imate  (Parker, 1973b). Sonar 
gear was u t i l i z e d  du r ing  the  1970 f i e l d  season (Russel 1, 1972). Improved 
gear was opera t iona l  du r ing  the  1971 and 1972 f i e l d  seasons (Paulus and 
McCurdy, 1972; Parker, 1973a). A new sonar s i t e  was u t i l i z e d  du r ing  the  
1973 f i e l d  season (Parker,  1973b). This  s i t e  was again u t i l i z e d  f o r  the  
1974 program. The r e s u l t s  a re  presented i n  t h i s  r e p o r t .  

The index program has been continued, u t i l i z i n g  the  new sonar 
aper tu re  counter.  I t  i s  hoped t h a t  even tua l l y  a r e l a t i o n s h i p  can be 
es tab l i shed  between the  index and the  ou tmigra t ion  est imate t h a t  w i l l  
a l l ow  ana lys i s  o f  h i s t o r i c a l  index data t o  a b t a i n  t o t a l  ou tmigra t ion  
est imates f o r  pas t  years. 

I n  t h i s  r e p o r t  Age I, Age I 1  and Age I 1 1  smolt  a re  de f ined as young 
sockeye salmon t h a t  have spent one, two o r  t h ree  w in te rs ,  respec t i ve l y ,  
i n  f r e s h  water p r i o r  t o  emigrat ion.  

1974 INDEX PROGRAM 

Idater ia ls  and Methods 

M a t e r i a l s  and methods u t i l i z e d  i n  t h e  index program have remained 
v i r t u a l l y  unchanged s ince 1955. A 4 '  x  4 '  f yke  ne t  i s  f i shed  i n  3.8' o f  
water i n  a standard l o c a t i o n  2 1/2 m i l es  downstream from the o u t l e t  o f  
Lake I l iamna.  



Mid-way through the  1973 f i e l d  season, t h e  14-year o l d  Veeder-Root 
p h o t o - e l e c t r i c  counter  t h a t  was used w i t h  the  fyke ne ts  f a i l e d .  A new 
sonar-aperture counter  was developed i n  the  f i e l d  by M r .  A1 Menin. Th is  
system was r e f i n e d  and a new aper tu re  counter  was purchased and used 
du r ing  t h e  1974 f i e l d  season. Th i s  system u t i l i z e d  two sets o f  hor izon-  
t a l l y  opposed transducers scanning a 4" by 18" aper tu re  on the  downstream 
end o f  a funnel  at tached t o  t h e  f yke  ne t .  The transducers a re  r e s t r i c t e d  
t o  an 18 degree beam w id th  which samples approximately 20% o f  the  aper ture.  
Advantages o f  t h i s  equipment and method of opera t ion  a re  descr ibed i n  
Parker (1  973b). 

Dur ing the  season, c a l i b r a t i o n s  of t he  equipment were conducted t o  
determine whether t he  counters were f u n c t i o n i n g  a t  the  t h e o r e t i c a l  f i v e  
f i s h  per  count l e v e l .  The mean c a l i b r a t i o n  was then used t o  expand 
h o u r l y  counts t o  c a l c u l a t e  the  index catch. To c a l  i b r a t e ,  a bypass gate 
i n  the  tunnel  i s  opened causing smolt  t h a t  e n t e r  t h e  f yke  n e t  t o  pass 
o u t  o f  t he  s i d e  o f  t he  tunnel  and n o t  through the  s o n i f i e d  aper ture.  A 
cod end i s  then at tached t o  the  tunnel ,  t he  d i g i t a l  t o t a l i z e r s  a r e  r e s e t  
t o  zero, t h e  apparatus i s  lowered back i n t o  the  water and the  bypass 
gate i s  closed. When a t  l e a s t  100 counts have been reg is te red,  t he  
bypass gate  i s  opened and t h e  cod end i s  removed. The smolt  a re  p laced 
i n  a basket and weighed t o  the  nearest  0.1 pound. A one pound sub- 
sample i s  taken and the  f i s h  a re  enumerated. C a l i b r a t i o n  t ime, t o t a l  
sample weight  and the  number of f i s h  per  pound a re  recorded. 

Resul ts  

C l ima to log i ca l  and Hydro log ica l  I n fo rma t ion  

C l ima to log i ca l  and hyd ro log i ca l  i n fo rma t ion  was recorded a t  t he  
Barge I s l a n d  f i e l d  s t a t i o n  from May 13 through June 9, 7974 (Table 1 ) .  
During t h i s  pe r iod  water temperatures ranged from 3 degrees C.  t o  8 
degrees C.  w i t h  a seasonal mean o f  6 degrees C. A mean water temp- 
e r a t u r e  o f  7 degrees C .  was recorded du r ing  the  peak ou tm ig ra t i on  pe r iod  
(May 25 through June 2). Outflow o f  l a k e  i c e  caused minimal i n t e r f e r e n c e  
w i t h  the  index program du r ing  the  season. 

Index Catch 

Smol t ing operat ions began on May 18 and cont inued through u n t i l  
noon on June 9 f o r  a t o t a l  of 21 days o f  index sampling. The peak day 
index outmigra t ion  occurred on May 28 (29.57 percent ) ,  the  peak pe r iod  
from May 26 through May 30 accounted f o r  71.44 percent  o f  the  index 
outmigra t ion .  

Table 2 shows the  aper tu re  counter c a l i b r a t i o n s .  Mean c a l i b r a t i o n  
was 5.43 f i s h  per  count. The aper tu re  counter  was used from May 22 
through June 7. Confidence 1 i m i t s  ( p e  . 20) c a l c u l a t e d  from a l l  c a l  i- 
bra t i ons  were app l i ed  p r o p o r t i o n a l l y  t o  t he  index t o t a l  y i e l d i n g  an 
index f o r  t he  1974 season o f  619,013 (+  - 38,998 smol t ) .  



Table 1. Weather observations, Kvichak River, May 13, - June 9, 1974. 
- 

lJind A i  r Temp. Water Temp. 24-hour Water Guage 

& 0800 
D i  r e c t  i on-Vel oc i  ty (MPH) " C " C P r e c i p i t a t i o n  f e e t  

Date 2000 blax. Min. 7 ( inches) 0800 

5/13 9 1 - - - - - - - 1 
14 2 2 Calm S 30 - - 4 - - 

- - - 1 
15 3 3 5 30 9/25 5 0 - 

1 
16 4 3 SW 10 S1410 - - 3 T 1 
17 4 1 SWlO Calm - - 3 T - 1 
18 1 1 N10 Calm - - 4 0 - 1 
19 2 3 SW5 NE 10 - - 4 0 - 1 
20 4 3 N15 N E l O  - - 4 T - 1 
2 1 1 1 N 10 Calm - - 6 0 - 1 
2 2 1 1 C a l m  tJ -5 - - 5 0 - 2 
2 3 1 2 SY 5 SW5 - - 5 0 - 2 
2 4 1 2 S10 S5 33 2 7 T - 2 
2 5 2 2 SW15 S W l O  29 3 5 T - 2 

I 2 6 3 1 SW 10 S5 25 2 6 0 - 
G) 

1 
I 27 1 2 N 1 0 Calm 32 2 6 0 0.5 1 

28 4 3 NE 5 S5 20 4 7 0 0.5 1 
2 9 1 1 NE5 NE15 19 2 7 0 0.6 2 
33 1 1 NE 15 r4E20 28 -4 8 0 0.6 2 
3 1 2 2 NE20 N E l O  28 4 6 0 0.6 2 

6/ 1 1 2 NE5 Calm 23 2 8 0 0.6 1 
2 1 3 SWlO SW5 28 7 8 0 0.6 1 
3 1 2 SE5 SW5 31 5 8 0 0.6 1 
4 2 2 NE15 NW15 30 5 8 0.5 0.7 1 
5 4 3 NE 10 S W l O  20 -1 8 0.11 0.7 1 
6 3 2 SW 10 Calm 24 8 8 0 0.6 1 
7 1 1 Calm SW30 26 12 8 0 - 1 
8 4 3 SW20 9 /25 26 2 8 0 0.6 1 
9 1 1 SW20 - 29 4 8 0 

Sky Codes: T u r b i d i t y  Codes: 
1-Clear. 

1-Clear sky, c loud cover ing n o t  more than 1/10. 4-Compl e t e  overcast.  2 -Par t ly  Cloud. 
2-Cloud covering n o t  more than 112 sky. 5-Fog o r  t h i c k  haze. 3-Cl oudy. 
3-Cloud covering more than 112 sky. 4-Debri s . 



Table 2 .  Kvichak R iver  Index Aperture Counter Ca l i b ra t i ons ,  1974. 

Elapsed Tota l  Weight o f  F i sh  per  To t a  1 Rate F i sh  per  
Date Time (min. ) Counts Catch ( l b . )  Pound Catch ( f i sh lm in . )  Count 



Age-Wei ght-Length 

A t o t a l  o f  39 samples (2,014 smol t )  were taken throughout t h e  smolt  
season t o  de te rmine  t h e  l eng th  frequency d i s t r i b u t i o n  o f  t h e  outmi g r a t i o n .  
From t h e s e  samples,  349 s c a l e  samples were c o l l e c t e d  f o r  age de te rmina t ion .  
Age c l a s s  s e p a r a t i o n  p o i n t s  were determined by t h e  weighted mean l eng th  
of  t hose  smolt  t h a t  f a l l  w i th in  t h e  ove r l ap  between Age I and Age I1 and 
Age 111. Dai ly  age c l a s s  composition was determined on the b a s i s  of  
d a i l y  l eng th  f r equenc i e s  and t h e  es t imated  age c l a s s  s epa ra t i on  po in t s .  

Although samples of  a d u l t  r e t u r n s  t o  t h e  Kvichak River have some- 
times conta ined  i n d i v i d u a l s  which had spen t  t h r e e  w in t e r s  i n  f r e s h  
water ,  t h i s  was t h e  f i r s t  t ime Age I11 outmigra t ing  smol t were c o l l e c t e d .  

The above technique  provided an es t imated  age composition o f  t h e  1974 
index c a t c h  of  82,120 (13.27 pe rcen t )  Age I smolt ,  493,557 (79.73 pe rcen t )  
Age I1 smol t and 43,336 (7.00 pe rcen t )  Age 111 smol t (Table  3 ) .  

The seasons weighted mean l eng th  by age c l a s s  was determined by 
apply ing  each days mean l eng th  by age c l a s s  t o  t h e  d a i l y  index ca t ch  o f  
t h a t  age c l a s s .  The r e s u l t i n g  season weighted mean l e n g t h ,  based on 
t h e s e  d a i l y  weighted mean l e n g t h s  was 95.5 mm f o r  Age I smolt  (20-year 
average = 88 mm) 11 1 .0  mm f o r  Age I1 smol t (20-year average = 109 mn) 
and 123.5 mm f o r  Age I11 smolt .  

Mean weights  by age c l a s s  were determined from t h e  age-weight- 
l eng th  samples using a l e a s t  squares  r eg re s s ion  (y = ax + b where x = 
l ength  and y = weight) .  Th i s  y i e l d e d  a mean weight of  8.3 g.  f o r  Age I 
smol t (20-year average = 5.9 g . ) , 13.1 g. f o r  Age I I snol t (20-year 
average = 10.8 g . )  and 17.5 g. f o r  Age I11 smolt .  

F igure  1 shows t h e  pe rcen t  of  t o t a l  ou tmigra t ion  by day a s  measured 
by t h e  index sampling and the sonar  t o t a l  outmigrat ion e s t ima te .  Both 
g e n e r a l l y  show t h e  same day t o  day f l u c t u a t i o n s  al though t h e  magnitude 
d i f f e r s  between index and sonar .  S t a t i s t i c a l  a n a l y s i s  shows a h igh ly  
s i g n i f i c a n t  c o r r e l a t i o n  ( p c  . l )  between t h e  d a i l y  index ca t ch  and d a i l y  
sonar  ou tmigra t ion  e s t ima te .  Examination of  1973 d a t a  demonstrates  a 
s i m i l a r  c o r r e l a t i o n  of  t h e  d a i l y  r e s u l t s  of  t h e  index and sona r  p r o j e c t s  
( p c  . 01 ) .  If d a t a  from f u t u r e  y e a r s  can be used t o  r e f i n e  t h i s  s t a t i s i t c a l  
r e l a t i o n s h i p  between the index and the sonar  e s t i m a t e ,  then p a s t  index 
va lues  could be converted t o  t o t a l  ou tmigra t ion  e s t ima te s  f o r  use with 
a d u l t  r e t u r n  d a t a  t o  determine p a s t  marine su rv iva l  parameters .  

OUTMIGRATION PROGRAM 

Na te r i a l  s and Methods 

The sona r  s i t e  used dur ing  t h e  1973 sniolt season ,  approximately 113 
mi le  upstream from the index s i t e ,  was used again i n  1974. Two Bendix 
smolt  count ing systems were u t i l i z e d  i n  t h e  1974 t o t a l  smolt  ou tmigra t ion  
e s t ima te .  The 1972 model e l e c t r o n i c s  were operated from t h e  west bank 
and t h e  1971 model from t h e  e a s t  bank. The placement of the suppor t  
cab l e  and a r r a y s  was s i m i l a r  t o  t h a t  used i n  1973 (Pa rke r ,  1973b). 



Table 3 .  Kvichak River  sockeye salmon smolt  24-hour index by day and age group, 1974. 

Date Age 1 Smolt Age I 1  Smolt Age I11 Smol t 24~Hour  Index 

Noon-Noon Number ~ e r c e n d f  Number ~ e r c e n d - 1  Number percent!! Number ~ e r c e n g  

- -. - - . . . --- 

TOTAL 82,120 13.27 493,557 79.73 43,336 7.00 619,013 100.00 

1/ Percent o f  d a i l y  index catch. - 
21 Percent o f  t o t a l  index catch. - 
3/ Estimated f o r  miss ing age composition data. - 



Count expansion techniques remained unchanged from previous years. 
Sonar counts by a r r a y  were recorded w i t h  appropr ia te  adjustments made 
f o r  " f a l s e "  counts caused by boats, i c e  o r  wind. D a i l y  sonar counts 
were ad jus ted  f o r  i nopera t i ve  transducers and cor rec ted  f o r  water 
v e l o c i t y  d i f f e rencees  between inshore  and offshore arrays.  To ta l  counts 
were mu1 t i p l i e d  by t h e  t h e o r e t i c a l  10 f i s h  per  count c a l i b r a t i o n  t o  
transpose them t o  numbers o f  smolt. The number o f  smolt  per  f o o t  o f  
a r r a y  f o r  each a r r a y  was c a l c u l a t e d  and expanded f o r  t he  amount o f  
unson i f i ed  r i v e r  t h a t  each a r ray  was considered t o  sample. Add i t i ona l  
i n fo rma t ion  regard ing  count expansion techniques can be found i n  Parker 
( 1  973a). 

C a l i b r a t i o n s  were attempted us ing  a 4 '  x  6 '  f yke  n e t  at tached t o  a 
second support  cable. The fyke n e t  support cable was s t re t ched  across 
the  r i v e r  upstream o f  the  sonar support cable. L ines were at tached from 
t h e  cab le  t o  the  f yke  n e t  b r i d l e s  i n  o rder  t o  p o s i t i o n  the  n e t  behind 
the  a r r a y  which was t o  be ca l i b ra ted .  The c a l i b r a t i o n s  were in tended t o  
con f i rm  t h e  f u n c t i o n i n g  o f  the  e l e c t r o n i c s  a t  t he  t h e o r e t i c a l  10 f i s h  
per  count l e v e l  . 

Resul ts  

Sonar Sampling 

Sonar sampling ou tmigra t ion  enumeration began May 19 and cont inued 
u n t i l  June 9. There was very l i t t l e  i n t e r f e r e n c e  caused by ice ,  wind o r  
equipment problems. Sonar count ing  was continuous from i n s t a l l a t i o n  
u n t i l  t h e  p r o j e c t  t e rm ina t i on  on June 9. The peak day outmigrat ion,  as 
measured by sonar, occurred on May 26 (13.14 percent) ,  t he  peak pe r iod  
from May 25 through June 1 accounted f o r  74.06 percent o f  the  t o t a l  
ou tmigra t ion .  

Cal i b r a t i o n  

The c a l i b r a t i o n  f yke  n e t  was placed approximately 15 f e e t  downstream 
from the  ar ray .  The c a l i b r a t i o n  procedure i s  e s s e n t i a l l y  t he  same as 
t h a t  used f o r  t he  index aper tu re  counter  c a l i b r a t i o n .  The d i g i t a l  
t o t a l i z e r s  were c lea red  and the  cod end i n s t a l l e d .  When the  e l e c t r o n i c s  
r e g i s t e r e d  s u f f i c i e n t  counts t o  i n d i c a t e  t h a t  a school o f  smolt  had 
crossed t h e  ar ray ,  the  crew wai ted f o r  a t ime s u f f i c i e n t  f o r  t he  f i s h  t o  
have entered t h e  f yke  n e t  then removed the  cod end, and weighed the  
ca tch  t o  determine the  number o f  smolt. This  number d i v i d e d  by the  
number o f  counts r e g i s t e r e d  by t h a t  a r r a y  i s  an est imate o f  t he  r a t e  
( f i s h  per  count)  a t  which the  e l e c t r o n i c s  a re  enumerating smolt. 

Numerous problems were encountered i n  at tempt ing t o  c a l i b r a t e  the  
e l e c t r o n i c s .  The r i v e r  depth ( 6  f e e t )  and v e l o c i t y  (5 t o  6 f e e t  per  
second) a re  e s s e n t i a l l y  p r o h i b i t i v e  t o  f yke  n e t  operat ion.  The s i x  f o o t  
f yke  n e t  t h a t  had t o  be used was extremely unwei ldy r e q u i r i n g  a crew of 
a t  l e a s t  t h ree  men t o  s e t  and p u l l  i t . The d is tance from the  a r ray  t o  
the  f yke  n e t  was i n  p a r t  determined by the  necess i ty  o f  w ide ly  spacing 



the lines which attached the fyke net to the fyke net support cable so 
that they would pass on either side of the 12 foot array. Otherwise, 
they would generate false counts. Because of this distance, smol t 
crossing the arrays could move laterally and miss the fyke net entirely. 
Conversely, smol t which passed over the unsonified portions of the river 
could move laterally and be trapped in the fyke net. 

Although the calibrating was done during the darkest time of the 
nights to reduce net avoidance, crews repeatedly observed schools of 
smolt holding in the wings of the fyke net and them swimming upstream 
out of the net and around the wings. The fyke net was, therefore, not 
adequately trapping the fish that crossed the arrays. In addition, fyke 
nets may cause high mortality by gilling smolt in the wings and scaling 
others as they passed through. 

Analysis of the calibration data was based on the same criteria as 
in previous years (Parker, 1973a). The specifications of the sonar 
counters, as designed into the electronics, are as follows: (1) at 
optimal adjustment the sonar will register one count for 10 smolt of a 
specific biomass, (2) it is electronically impossible that less than 5 
fish could trigger a count, and (3) no more than 20 smol t could cross 
the unit with only a single count registered. The precedure is based 
on the the assumption that calibrations of less than five or more than 
20 fish per count can be discounted as mechanically invalid and must be 
the result of errors intrinsic in the sampling procedure. 

Twenty calibtations were attempted over the course of four nights. 
Of these, thirteen were dropped (range 4.12 - 87.59) because they fell 
outside the valid range. The remaining calibrations (Table 3) yielded a 
mean of 10.04 (+ 2.3, p c  .20) fish per count. It was decided to accept 
this as confirma'tion that the hardware was operating within its designed 
specification and to use the theoretical 10 fish per count in expanding 
the data from each array to estimate total outmigration. Confidence 
limits for the total outmigration estimate were calculated using the 
ratio of the confidence limits to the mean calculated for the sonar 
calibrations ( 2  = 10.04 t 2.3 fish per count = 2 t 22.9%). Since the 
confidence interval for the outmigration estimate is based on the 
analysis of the calibration data, it must be considered in light of the 
assumptions regarding invalid calibrations as discussed above. 

There were 837,261 total counts registered during the outmigration. 
Based on expansion of these counts the total outmigration estimate was 
42.71 million (+ 9.78 million) smolt. Age class composition was calcula- 
ted by applying-the daily index age class percentages to the corresponding 
days outmigration. Age class composition for the estimate of the total 
outmigration was 4.02 million (9.42 percent) Age I smolt, 33.77 million 
(79.05 percent) Age I1 smolt and 4.93 million (11.53 percent) Age I11 
smol t. 
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1974 NAKiJEK RIVER SOCKEYE SALMON SF;K)LT STUDIES 

Donald L. B i l l  
Alaska Department o f  F i s h  and Game 

D i v i s i o n  o f  Commercial F i s h e r i e s  
P. 0. Box 37 

King Salmon, Alaska 99613 

INTRODUCTION 

Th is  was t h e  n ine teenth  year  t h a t  t h e  Naknek R ive r  sockeye salmon 
(Cncorhynchus nerka)  smol t  s tudy has been conducted. The o b j e c t i v e  o f  
t h i s  program i s  t o  o b t a i n  an es t imate  of t he  s i z e  and age composit ion o f  
t he  sockeye salmon smol t  ou tm ig ra t i on  i n  t h e  Naknek River .  

MATERIALS AND METHODS 

The m a t e r i a l s  and methods f o r  da ta  c o l l e c t i o n  and ana l ys i s  o f  age 
co~ i ipos i t ion ,  leng ths  and weight,  and general  environmental  da ta  were the  
same as i n  p rev ious  years (McCurdy , 1972, 1973). 

RESULTS 

Table 1  conta ins  a l l  mean water and a i r  temperature data gathered 
du r i ng  t h e  outnii y r a t i o n .  

The randon schedule was i n i t i a t e d  on May 21 and te rmina ted  on June 
27. The t o t a l  random ca tch  was 12,105 (Tab1 e  2 ) .  F o r t y - e i g h t  percent  o f  
the  ca tch  occurred between June 2 and June 4. A minor  peak a l s o  occurred 
on June 14 through June 16. A t o t a l  o f  18,677 smol t  were caught du r i ng  
t h e  index p o r t i o n  o f  t he  program (Table 3 ) .  Dur ing the  random sampling 
hours, 2100-0600, t t ie  index n e t  caught 91.85 percent  o f  the  t o t a l  24- 
l iour ca tch .  

The ou tm ig ra t i on  es t imate  f o r  1974 was 819,369 smol t. The es t imate  
was ob ta ined as fo l l ows :  

1. Ca l cu la te  t h e  seasonal average random ca tch  per  90 minute se t :  

To ta l  season ca tch  = 12,105 
i4o. o f  s i t e s  f i s h e d  = 6 

do. o f  sampling days f i s h e d  du r i ng  the  season = 25 

Therefore t h e  seasonal average ca tch  per  90 minute se t  i s  de r i ved  
by 12,105 / (6 )  ( 2 5 )  = 81 



TABLE 1. Mean water and a i r  temperatures by day, Naknek River, 1974.y  

Mean water Mean a i r  
Date temperatures O F temperatures O F  

May 21-22 46.5 38.3 

1/ Both water and a i r  temperature were recorded for each 90-minute - 
fishing period. 



TABLE 2. Naknek R ive r  random sampling catches o f  sockeye salmon smol t  by f i s h i n g  s i t e ,  1974 

S i t e s  
Percentage o f  

Date 1 L I 3 4 5 6 To ta l  T o t a l  Catch 
- - - 

May 21-22 
22-23 
24-25 
25-26 
27-28 
28-29 
30-31 
31-June 1 
2-3 
3-4 
5-6 
6- 7 
8-9 
9-10 

11-12 
12-1 3 
14-15 
15-16 
17-18 
18-19 
20-21 
21 -22 
23-24 
24-25 
26-27 

T o t a l  43 1 429 3,185 5,831 1,667 562 12,105 100.00 

Percent 3.56 3.55 26.31 48.1 7 13.77 4.64 100.00 



TABLE 3. Naknek R iver  index n e t  catches o f  sockeye salmon smolt by 90-minute per iods,  May 22 - June 25, 1974 

May May May May 31 June June June June June June June June Percent o f  
Time 22-23 25-26 28-29 June 1 3-4 6-7 9-10 12-13 15- 16 18-19 21-22 24-25 T o t a l  T o t a l  catch 

Tota ls  61 252 782 5,018 5,458 465 779 41 7 2,011 511 1,112 1,801 18,667 100.00 



2. Est imate t h e  average m i g r a t i o n  pas t  t he  sampled sec t i on  o f  t he  
r i v e r  du r ing  a  30 minute pe r iod  w i t h i n  a sampling per iod.  

Averaye ca tch  per  90-minute pe r iod  = 81 
No. s i t e s  f i s h e d  = 6 
No. o f  subs i tes  f o r  which the  m i g r a t i o n  i s  est imated 

from the  ca tch  a t  each f i s h i n g  s i t e  = 6  

Therefore the  est imated average m i g r a t i o n  pas t  the sampled sec t i on  
o f  t he  r i v e r  du r ing  a 90-minute p e r i o d  w i t h i n  a  sampling pe r iod  i s  
der  i ved by 

(81) ( 6 )  ( 6 )  = 2,916 

3. Est imate the  average m ig ra t i on  pas t  t he  sanipled sec t i on  o f  the  
r i v e r  per  sampling per iod.  

No. o f  90-minute per iods w i t h i n  a  sampling p e r i o d  = 6 

Therefore, t he  est imated average m i g r a t i o n  pas t  t he  sampled sec t i on  
o f  t h e  r i v e r  per  sampling pe r iod  i s  der ived by: 

4. Est imate t h e  average m i g r a t i o n  pas t  the  e n t i r e  w i d l h  o f  the  r i v e r  
a t  t h e  sampling l o c a t i o n  per sampling per iod.  

Est imated p r o p o r t i o n  of m i g r a t i o n  occu r r i ng  w i t h i n  the sec t i on  o f  
the  r i v e r  p resen t l y  sampled = 88.34 percent .  

Therefore the  est imated average m i g r a t i o n  past  the e n t i r e  w id th  o f  
t h e  r i v e r  a t  t he  sampling l o c a t i o n  per  sampling pe r iod  i s  der ived 
by: 

5. Est imate the  average d a i l y  m i g r a t i o n  past  the  sampling l o c a t i o n .  

Est imate p r o p o r t i o n  of d a i l y  m i g r a t i o n  occur r ing  du r ing  the  sampling 
pe r iod  der ived by adding the  percentaged o f  the  t o t a l  season's 
index n e t  ca tch  f o r  t he  hours 2100-0600 = 91.85 percent .  

Therefore t h e  est imated average d a i l y  ou tmigra t ion  pas t  t he  sampling 
l o c a t i o n  i s  der ived by: 

6. Est imate the  t o t a l  seasonal m i g r a t i o n  pas t  t he  sampling l o c a t i o n .  

No. o f  days f i s h e d  = 38 

Therefore the  est imated t o t a l  seasonal m ig ra t i on  past  the  sampling 
l o c a t i o n  i s  der ived by: 



The age composi t ion  of t he  outmigration est imate was 18.92 percent 
Age I smolt (155,025), 80.95 percent Age I1 smolt (563,279) and 0.08 
percent Age 111 smolt (655). This i s  t he  lowest est imate of Age I and 
Age I1 smolt since the i n i t i a t i o n  of the  program. Table 4 gives the  age 
composi t i  on by date. 

The 1974 t o t a l  outmigration est imate (819,369) i s  one t h i rd  of the  
previous low est imate of the  2,712,150 f i s h  caught in 1973. The mean 
outmigration s ince  1956 i s  9,735,345. The low smolt production t h i s  
year i s  probably due t o  the extremely cold winters in 1970-71 and 1971- 
72. 

A t o t a l  of 827 smolt were sampled t o  determine lengths and weights 
by age c l a s s  (Table 5 and 6 ) .  Age I smolt averaged 104.3 m i n  length 
(19-year average = 102 mm) and 10.3 g. in weight (19-year average = 9.4 
g . ) .  Age I1 smolt averaged 115,l mm in  length (19-year average = 113 
mm) and 14.5 g. in weight (19-year average = 12.6 g . ) .  



TABLE 4. Age composit ion of t h e  random sampl ing catches of sockeye salmon smolt ,  
by date, Naknek R iver ,  1974. 

Date 
Random Percent Number 
Catch Age I Age I  I  Age I 1 1  Age I  Age I 1  Age I 1 1  
- -- 

May 21-22 2 - - - - - - 
22-23 49 1.27 98.73 0 1 48 0 
24-25 85 5.00 95.00 0 4 81 0 
25-26 5 3 0 100.00 0 0 5 3 0 
27-28 5 5 0 100 .OO 0 0 55 0 
28-29 41 5 0 100.00 0 0 41 5 0 
30-31 171 5.41 94.59 0 9 162 0 
31 -1 834 5.13 94.87 0 43 791 0 

June 2-3 2,594 2.50 97.50 0 65 2,529 0 
3- 4 3,257 7.69 92.31 0 250 3,007 0 
5-6 446 9.38 90.62 0 42 404 0 
6- 7 406 10.00 87.50 2.50 4 1 355 10 
8-9 441 20.00 80.00 0 88 353 0 
9-1 0 39 25.00 75.00 0 10 2 9 0 

11-12 111 15.00 85.00 0 17 9 4 0 
12-1 3 11 21.88 78.12 0 2 9 0 
1 4-1 5 6 78 50.00 50.00 0 339 3 39 0 
15-16 555 47.50 52.50 0 264 291 0 
17-1 8 4 - - - - - - 
18-1 9 31 0 20.00 80.00 0 62 248 0 
20-21 287 46.67 53.33 0 1 34 153 0 
21 -22 331 63.33 36.67 0 21 0 121 0 
23-24 41 0 60.00 40.00 0 246 1 64 0 
24- 2 5 51 8 85.00 15.00 0 440 78 0 
26-27 4 3 53.57 46.43 0 2 3 20 0 

T o t a l  12,105 2,290 9,799 10 

Percent 18.92 80.95 0.08 



TABLE 5. Naknek River sockeye salmon smolt mean weight i n  grams, 1974 

Age I Age I 1  Age I 1 1  
Percent of total Percent of total Percent o f  total 

Date season's catch Mean weight season's catch Mean weight season ' s catch Mean we1 gh t 

May 22-23 
24-25 
25-26 
27-28 
28-29 
30-31 
31 -1 

June 2-3 
3-4 

I 
N 
4 

5-6 
I 6-7 

8- 9 
9-10 

11-12 
12-1 3 
14-15 
15-16 
17-18 
18-19 
20-21 
21 -22 
23-24 
24-25 
26-27 

Age I mean weight = 10.3 Age I1 mean weight = 14.5 Age I11 mean weight = 11.3 



TABLE 6. Naknek River sockeye salmon smolt mean length  i n  m i l l ime te rs ,  1974 

Age I Age I1 Age 111 
Percent o f  t o t a l  Percent o f  t o t a l  Percent o f  t o t a l  

Date season's catch Mean Length season's catch Mean Length season ' s c a b h  Mean Length 

May 22-23 
24-25 
25-26 
27-28 
28-29 
30- 31 
31 -1 

June 2-3 
3-4 

I 
N 
N 

5-6 
I 6- 7 

8-9 
9-1 0 

11-12 
12-1 3 
14-1 5 
15-16 
17-1 8 
18-19 
20-21 
21 -22 
23-24 
24-25 
26-27 

Age I mean length  = 104.3 Age I1 mean leng th  = 118.1 Age I 1 1  mean length  a 109.0 
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1974 UGASHIK RIVER SOCKEYE SALMON SMOLT STUDIES 

Thomas R. Schroeder 
Alaska Department of F i s h  and Game 

D i v i s i o n  o f  Commercial F i she r ies  
Di l l ingham, Alaska 

INTRODUCTION 

The Ugashik R ive r  sockeye salmon smolt  enumeration and sampling 
program was i n i t i a t e d  i n  1956 and has been operated annual ly  s ince  then, 
except f o r  1966 and 1971. Data obta ined from t h i s  program have been 
used t o  es t imate  t o t a l  abundance by age c lass,  and average lengths  and 
weights o f  sockeye salmon smolt  m ig ra t i ng  t o  sea. These data a r e  used 
t o  es t imate  optimum escapement ranges and t o  fo recas t  numbers o f  age 
composit ion o f  r e t u r n i n g  adu l t s .  

MATERIALS AND METHODS 

The index sampling scheme and 24-hour sampling schemes were r u n  
t h i s  year  from May 17 t o  June 17. The smol t  s i t e ,  equipment, sampling 
scheme and computation formulae used a r e  described i n  Schroeder (1 973). 
The random f i s h i n g  scheme was n o t  run  because o f  t he  u n a v a i l a b i l i t y  o f  
proper  s i z e  ne ts  and t h e  h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  (p< .01) e x i s t i n g  
i n  t he  h i s t o r i c a l  data between the  ou tm ig ra t i on  est imates from t h e  
random f i s h i n g  scheme and the  index catched (Table 1  ) .  The regress ion  
equat ion ( y  = 2268346.124 + 34.474 x, where y = ou tmigra t ion  es t imate  
based on t h e  random scheme, and x  = c a l c u l a t e d  24-hour index)  was used 
t o  d i r e c t l y  c a l c u l a t e  an outmigra t ion  est imate based on the  index catch. 
The smol t  sampling s i t e s  were changed s l i g h t l y  by moving both  deadmen 
u p r i v e r  approximately 280 f e e t .  Net s i t e s  1-3 were l e f t  i n  t he  same 
p o s i t i o n ,  b u t  s i t e  4  was moved 10 f e e t  t o  t he  r i g h t  ( e a s t ) .  

A smol t  sonar counter,  developed by the  Bendix Corporat ion, was 
used f o r  t h e  second consecut ive year  t o  t e s t  t he  f e a s i b i l i t y  o f  u t i l i z i n g  
t h i s  gear t o  rep lace f yke  nets.  Only one a r r a y  was used du r ing  the  1974 
season. It was pos i t i oned  d i r e c t l y  i n  f r o n t  o f  t he  index ne t  t o  f a c i l i -  
t a t e  c a l i b r a t i o n  o f  t he  sonar equipment and t o  a l l ow  comparison o f  sonar 
counts w i t h  f yke  n e t  catches. 

RESULTS 

The index scheme was f i s h e d  f o r  32 days and r e s u l t e d  i n  a  ca tch  o f  
116,388 smol t (Table 2 ) .  The 1  i nea r  regress ion  between index catches 
and ou tm ig ra t i on  est imates f o r  pas t  years y i e l d e d  an outmigra t ion  es t imate  
o f  6.28 + 2.58 m i l l i o n  sin01 t ( p c  .05). The conf idence i n t e r v a l s  were 
ca l cu la ted  on t h e  bas is  o f  t he  v a r i a t i o n  about the  regress ion  l i n e  and 
do n o t  take  i n t o  account t he  v a r i a t i o n  i n  the  1974 index i t s e l f .  



Table 1. Three-hour index catch, random sampling scheme catch and t o t a l  
ou tmigra t ion  est imate, Ugashi k River ,  1958-1969. 

Year I ndexll Random Outmigrat ion Est imate 

- - - - - - 

11  Index hours are 2200-0100. - 



Table 2. Ugashi k River sockeye salmon smol t index catch by hour and day, 1974. 

Index Hours Total Index Catch Index point& Daily % 
Date 2200-2300 2308-2400 2400-0100 Daily Accum. Dailv Accum. of Total 

Total s 41,712 51,025 23,651 116,388 116,388 38.64 38.64 100.00 

One index point  equals a catch of 3012.32. 
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Age, weight and l e n g t h  sampling data a re  g iven i n  Tables 4 and 5. 
Age I smolt  comprised 21.1 percent of t he  outmigra t ion  (1.33 m i l  1 i o n  
smol t ) .  Age f average 94.2 mn i n  l eng th  (15-year average = 91.3 m) and 
7.4 grams i n  wetght (15-year average = 6.6 g. ) . Age 11 smol t comprised 
78.9 percent  o f  t h e  outmigra t ion  (4.95 m i l l i o n  smol t ) .  Age I 1  smolt  
averaged 119.3 m i n  l eng th  (15-year average = 114.4 mm) and 13.6 grams 
i n  weight (15-year average = 12.4 g.). Both Age I and Age I 1  smol t were 
t h e  l a r g e s t  s ince the  1970 outmigrat ion.  D a i l y  index catch i s  shown i n  
F igure  1 as a percent o f  t he  t o t a l  index catch. The peak outmigra t ion  
occurred on :day 27 (16.74%) w i t h  66.03% of the  index catch being recorded 
between May 27 and May 31. e 

Wind speed and d i r e c t i o n  and mean d a i l y  water temperature are g iven 
i n  Table 6. 

SONAR 

The 1970 model Bendix sonar smolt  counter was tes ted again t h i s  
year  a t  t h e  Ugashik R iver  smolt  p r o j e c t .  To ta l  sonar counts recorded by 
the  12-transducer a r ray  located i n  f r o n t  of t he  index n e t  were 14,234 
(Table 7 ) .  These counts were adjusted t o  co inc ide  w i t h  the  three-hour 
index n e t  f i s h i n g  per iod.  Counts caused by a i r  entrapped i n  the  water 
by h i g h  winds o r  heavy p r e c i p i t a t i o n ,  o r  by ice,  were deducted from t h e  
recorded sonar counts p r i o r  t o  expansion procedures. 

Numerous c a l i b r a t i o n s  were made du r ing  the  1974 season (Table 8).  
As descr ibed i n  Parker (1973), t he  Bendix biomass counters are  designed 
t o  operate aL opt imal  adjustment a t  a r a t e  o f  10 smolt  per count. It i s  
e l e c t r o n i c a l l y  impossib le t h a t  l ess  than 5 f i s h  could t r i g g e r  a count. 
Conversely, no more than 20 smolt can cross the  ar ray  w i t h  o n l y  a s i n g l e  
count reg i s te red .  C a l i b r a t i o n s  ou ts ide  t h i s  range do occur and are  
assumed t o  be a t t r i b u t a b l e  t o  l a t e r a l  movements o f  smolt i n  the  d is tance 
between the  a r ray  and the  fyke n e t  and t o  n e t  avoidance by smolt. 
C a l i b r a t i o n s  ou ts ide  the  5 t o  20 f i s h  per  count range were disregarded 
as i n v a l i d  and were n o t  used i n  c a l c u l a t i n g  a mean c a l i b r a t i o n .  The 
mean c a l  i b r a t i o n  f o r  t h e  1974 season was 9.06 f_ .72 (pc  .05) and was 
considered t o  be conf i rmat ion  t h a t  t he  counters were opera t ing  w i t h i n  
the design s p e c i f i c a t i o n s .  The sonar counts were expanded f o r  missed 
f i s h i n g  per iod,  reduced by 20% t o  a d j u s t  f o r  t he  d i f f e rences  i t s  w id th  
compared t o  t h a t  o f  t he  index n e t  (10 and 8 f e e t  r e s p e c t i v e l y )  and 
m u l t i p l i e d  by t h e  t h e o r e t i c a l  10 f i s h  per  count. This y i e l d e d  an 
expanded sonar count o f  140,150 smolt as compared w i t h  116,388 f o r  the  
index ne t .  When subs t i t u ted  i n  t h e  l i n e a r  regression f o r  t he  index n e t  
catches, i t  y i e l d e d  an outmigra t ion  est imate o f  7.10 m i l l i o n  srnolt. The 
c o r r e l a t i o n  between the  sonar counts and the  index catch by index hour 
by day was h i g h l y  s i g n i f i c a n t  (pc  .01). A comparison o f  sonar counts 
and index ca tch  by day i s  shown i n  F igure  2. 



TABLE 4. Ugashik R i v e r  sockeye salmon smol t  sampl ing d a t a ,  1974. 

Index I of {I 1 l b .  i'j of /I o f  
Smolt Season Sample F i s h  S c a l e s  

P e r i o d  Date Catch T o t a l s  Measurad Measured Read 

1 May 17-24 7,212 6 .2  8 253 160 

2 May 25-31 78,734 67.6 1 2  385 233 

3 June  1- 7 19 ,991  17.2  7 268 140 

4 J u n e  8-17 1 0 , 4 5 1  9 .O 8 355 160 

T o t a l s  116,388 100.0  35 1 , 2 6 1  693 

TABLE 5. Age, l e n g t h  and weight  of sockeye salmon smol t  by sampling p e r i o d  from 
t h e  Ugashik R i v e r ,  1974. 

Mean Length Mean Weight P e r c e n t  
i n  mm i n  grams Age 

of Age Group of Age Group Composit ion 
P e r i o d  Date I I1 I I1 I I1 

1 May 17-24 84.9 119.9 5.7 1 3 . 8  16.6  83.4  

2 May 25-31 95.0 119.7 7 .8  13 .8  11.9  8 8 . 1  

3 June  1- 7 9 4 . 1  118.0 6.7 13.3  35.4 64.6 

4 June  8-17 94.8  118.2  7 . 1  12.7 66.2 33.8 

Weighted Averages 94.2 119 .3  7 .4  13.6 21.1 78.9 



TABLE 6 .  Weather o h e r v a t i o n s ,  Ugashik River ,  1974.  

~ i n d L /  Mean 
Di rec t ion  - Veloc i ty  Water 

(mp h) Temperatures 
Date AM P.M (OC 121 

May 16  
1 7  

June 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  

- 
0 

2- 4 S. 
10-12 S.W. 

0- 2 E. 
5- 8 S.E. 
2- 3 S.  
5- 7 S.E. 
8-12 S.W. 
7-10 W. 

0 
20  S.E. 
20 S.E. 

10-15 S.E. 
15-20 S.E. 
15-20 S.E. 

0- 5 S. 
0- 5 S.W. 
0- 2 S.E. 

10-15 S .E. 
5-10 S.W. 

0 
5- 7 N.W. 
5-10 S.W. 
5-10 S.W. 

5 N.W. 
5- 7 N .  

0 
3- 5 S.E. 

40-50 S.E. 
2- 4 S.E. 

10-15 S.E. 
0 

10-12 W. 
6- 8 E. 
3- 6 E. 
0- 2 S.W. 

10-15 E. 
0 

0- 2 E .  
5 S.W. 

3- 7 W .  
7-10 W .  
3- 5 S.E. 

10-15 S.E. 
15-20 S.E. 
20-25 S.E. 

5-10 S.E. 
2- 5 S.E. 

0- 5 S .  
0- 5 w. 

10-15 S .E. 
0- 5 S.E. 

10-15 S.W. 
0- 5 S.E. 
5-10 N.W. 

10-20 S.W. 
0- 5 S.W. 
8-12 N.W. 

0 
0 

20-25 S .E. 
10-15 S.E. 

0- 2 S.E. 
5 S.E. 
0 

11 Wind v e l o c i t i e s  were taken wi th  a Dwyer wind gauge which is  inaccu ra t e  - 
over  1 0  mph. 

2 1  Water temperatures  were recorded six t imes d a i l y .  - 



Table 7. Sonar counts dur ing index hours by day from 12-transducer ar ray  
placed i n  f r o n t  o f  index net, Ugashik River, 1974u. 

Total  Sonar Counts 
2200-2300 2300-2400 2400-01 00 D a i l y  Accum. Da i l y  % Date 

-- -- - - -- - 

Tota ls  3,850 6,735 3,649 14,234 14,234 100.00 

1/ Counts adjusted t o  coincide w i t h  the three hour index ne t  f i s h i n g  period. 



Table 8. Ugashik R i v e r  sockeye salmon smolt sonar c a l i b r a t i o n s ,  1974. 

Elapsed Weight F i s h  per  Tota l  Sonar Adjusted F i s h  Per F i s h  Per 
Date Time (min.) (pounds) Pound Catch Counts C o u n t s y  Minute Count 



Table 8 .  Ugashi k R iver  sockeye salmon smol t sonar c a l i b r a t i o n s ,  1974. (Continued) 

-- 

Elapsed Weight F ish  per  T o t a l  Sonar Adjusted F i s h  per  F i s h  per 
Date Time (min.) (pounds) Pound Catch Counts ~ o u n t s l /  Minute Count 



Table 8. Ugashik R iver  sockeye salmon smolt  sonar c a l i b r a t i o n s ,  1974. (Continued) 

- - - - - - - - - - 

Elapsed Weight F i s h  per  To ta l  Sonar F i s h  per  F i s h  per  
Date Time (min.) (pounds) Pound Catch Counts Adjus Counts t!7 M i  nu t e  Count 

Sonar a r ray  samples a 10 ft. area compared t o  an 8 ft. area f i shed  by the  f yke  nets. Sonar counts are  
m u l t i p l i e d  by 0.8 t o  ad jus t  f o r  t h i s  d i f f e rence .  



Figure 1. D a i l y  index  n e t  catches o f  sockeye salmon smol t  i n  percent  of  
t o t a l  index catch, Ugashik River ,  1974. 
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